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Abstract 
The Arkoma Basin is a Carboniferous peripheral foreland basin creating a structural 
depression covering an approximate area of 33,800 miles2 that extends through east-
central Oklahoma and west-central Arkansas.  The entire basin fill includes Pre-
Mississippian carbonate shelf deposits, Mississippian marine carbonates and black shales, 
and Pennsylvanian mixed carbonated/clastic and shore zone/deltaic deposits. The Lower 
Atoka formation (Pennsylvanian) occurs in outcrop along the southern Boston Mountain 
Plateau in northern Arkansas and extends into the subsurface of the Arkoma Basin over an 
area of 2,300 miles2. The Lower Atoka ranges from 600 to 1500 feet in thickness and 
represents a cyclic succession of stacked shelf to shore zone/deltaic deposits recording a 
single 3rd order (1-10 m.y.) Vail/Exxon depositional sequence. It was deposited across a 
broad, tectonically stable platform along the southern margin of Laurasia just before its 
collision with the Gondwana and the formation of Pangea at the end of the Paleozoic. 
Tectonic influences meant that it was not a 100% stable platform during the Lower Atoka 
deposition. This affected the deposition of all the sequences in the Lower Atoka. 
Topographic relief on preceding deposition also helped create areas of accommodation 
space filled by offset, compensation bedding. Finally, subsidence on a passive margin has 
been argued to be up to almost 4 km.  This helps explain the “long distance” shoreline shifts 
and cyclicity in the current time of deposition. This means that these 4th to 5th order cycles 
(10’s to 100’s k.y.) may reflect glacio eustacy and sediment supply and can be correlated 
across the entire area or a very large area. In addition, there appears to be a tectonic over 
print that influences onlap edges that define northern limits and areas of bypass and 
nondeposition. 
 
 
Lateral variation in facies and sand content as well as proximal to distal changes in 
depositional architecture have been defined by high resolution correlation and log motif 
analysis of several hundred wells along the northern margin of the basin. This work 
provides an excellent case history for the definition of stratigraphic architecture and 
internal reservoir body geometries within individual cycles in a single 3rd order 
depositional sequence. 
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Introduction 
The Atoka Formation is geographically distributed in the South-Central United 
States and can be found in parts of Arkansas, Oklahoma, New Mexico, and Texas (Taff and 
Adams, 1900). The Lower Atoka formation is Lower Pennsylvanian in age and is comprised 
mainly of marine tan to grey silty sandstones, dark grey to black shales, and less prominent 
calcareous beds and siliceous shales (Taff and Adams, 1900). The Lower Atoka in 
Northwest Arkansas ranges from 600 to 1500 feet in thickness and represents a cyclic 
succession of stacked shelf to shore zone/deltaic deposits recording a single 3rd order (1-
10 m.y.) Vail/Exxon depositional sequence. The current project will focus on its 
distribution in the Northern Arkoma Basin (Figure 1), where the interval consists of a 
series of 5-7 high-frequency cycles (10-100,000m.y.) that range from 50 to 150 feet in 
thickness that contain major producing reservoirs in the basin. These are the result of rapid 
basinward-landward-basinward shifts in east-west shoreline positions in response to small 
changes in relative sea level across this very flat, low relief, passive margin. This 
stratigraphic cyclicity is attributed to glacioeustatic changes in sea level overprinted by 
higher frequency, sediment supply driven cycles that drove shoreline shifts over 10’s of 
miles across a tectonically stable shelf. 
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Statement of the Problem 
  The Lower Atoka succession has been informally divided into 5-7 named units 
based on the occurrence of subsurface, sand rich intervals that locally produce 
hydrocarbons. The nomenclature was defined as exploration and development activities 
advanced throughout the Arkoma Basin. The origin of the individual names was generally 
Figure 1: Geologic Provinces of Arkansas and Adjacent Areas, Southern Midcontinent. The 
study area is outlined in red. (McGilvery, Manger, and Zachry, 2016). 
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derived from the fields where production was first encountered. These names do not 
comply with the code of stratigraphic nomenclature but are recognized in the petroleum 
industry and the Arkansas Oil and Gas Commission in order to facilitate local and regional 
lithostratigraphic correlation of sand-rich reservoir units. This has been a functional 
approach by the industry for more than 80 years. The technical problem of this approach is 
that it under emphasizes the bounding mud-rich units as genetically related facies. This is 
critical to definition of gross interval thickness as an indicator of sediment supply 
distribution and the relative proportion of sand-rich facies within those cycles. Such 
lithostratigraphic correlations suggest that each shoreline shift would have been on the 
order of 60 to 100miles. It also suggests that each cycle is of comparable time duration and 
lateral extent. This study will reexamine the Lower Atoka within a sequence stratigraphic 
context of variable glacioeustatic and sediment supply driven cyclicity. Results of this work 
are complimentary with those of Woolsey (2007) which provides a complete update of the 
Lower Atoka in the subsurface of the northern Arkoma Basin.  
The entire Lower Atoka records deposition over a time period of several million 
years. This represents 3rd Order scale cyclicity (1-10m.y.) as applied by the Vail/Exxon 
depositional sequence model. The focus of this study is a better understanding of the 
lateral continuity of the sand-rich, shore zone/deltaic facies within the higher frequency 
cyclicity of the Lower Atoka members. This suggests that the individual Lower Atoka 
Members were deposited during periods of 10’s to 100’s of k.y. The area was an extremely 
broad, low relief tectonically stable platform that had substantial lateral shifts in shoreline 
position resulting from subtle changes in sea level. Individual units such as the Cecil Spiro, 
Paul Barton, etc. are considered depositional episodes across this platform within the 
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context of larger scale genetic stratigraphic sequences. The problem to be addressed is to 
determine if the interpretation of depositional cycle stacking patterns (“depisodes”) can be 
used to reconstruct high frequency changes in relative sea level and/or accommodation 
space within a single 3rd order depositional sequence.     
 
Study Area 
The study area includes 63 townships in the northern Arkoma Basin, Northwest 
Arkansas, covering an area including T8N to T14N and R32W to R24W (Figure 2). This 
includes an area of about 2,300 square miles. This project is focused on the upper two-
Figure 2: Study areas of the two overlapping thesis projects (overlap shown in orange). 
Yellow is thesis completed by Woolsey (2007), the red outline is this project area. The Blue 
outline represents the area of the Harris (1983) and the Ramsey (1983) theses. 
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thirds of the Lower Atoka (Cecil Spiro up through the Sells cycles) and is a complementary 
study to the thesis completed by Woolsey (2007) on the basal one-third of the lower Atoka 
(Orr and Patterson cycles). These two studies provide a complete update of the lower 
Atoka sequence stratigraphy. The area is just south of the University of Arkansas, making 
for easy access to select equivalent outcrops that provide confirmation of depositional 
facies.  
 
Geologic Setting 
Arkoma Basin 
The Arkoma Basin extends through east-central Oklahoma into west-central 
Arkansas. The area of the Arkoma Basin in Arkansas includes the Arkansas River valley, the 
southern flank of the Ozark Plateau, and the northern margin of the Ouachita Mountains 
(Figure 3). The basin is an east-west trending topographic and structural depression that 
covers an area of approximately 33,800 square miles (McGilvery, Manger, and Zachry, 
2016). Although, the basin sits within the Ouachita Mountains and Ozark Dome its 
boundaries are arbitrary and varies from state to state.  
The Arkoma Basin is an early Carboniferous peripheral foreland basin, that evolved 
during the Ouachita Orogeny (Houseknecht 1986 and Perry, 2016).  The Ozark Platform 
persisted as a stable passive margin from the Cambrian to lower Atokan. It was located on 
the southern margin of Laurasia, after the division of supercontinent Rodinia into Laurasia 
and Gondwanan (McGilvery, Manger, and Zachry, 2016). The passive margin evolved into a 
convergent margin driven by the collision of Gondwana with the southern margin of 
Laurasia during the middle Atokan. Consequently, the platform evolved into a subsiding 
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foreland basin with high accommodation space and increased sedimentation rates. The 
rapid subsidence was in response to a series of down to the south, syndepositional normal 
faults and the high sedimentation rates were related to the elevated sediment supply 
derived from the Appalachian highlands and the locally evolving Ouachita accretionary 
prism (McGilvery, Manger, and Zachry, 2016). The lower Atoka records cyclic shelf to shore 
zone/deltaic deposition along the Ozark Platform just prior its transition into the northern 
margin of the Arkoma foreland basin. 
 
Figure 3: North-south section across the eastern Arkoma basin, including the southern 
portion of the study area. Depicts the subsurface distribution of the three divisions of the 
Atoka Formation (Sutherland, 1988). 
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The entire basin fill includes Pre-Mississippian carbonate shelf deposits, 
Mississippian marine shales, and Pennsylvanian fluvial/deltaic deposits. This project will 
focus on the Pennsylvanian fluvial/deltaic deposits of the upper two-thirds of the Lower 
Atoka. 
 
Ozark Dome 
The Northern part of the study area includes the plateau surface the Boston 
Mountains capped by the Atokan Strata, which is one of three plateau surfaces extending 
away from the central Ozark Dome (Figure 1). The Ozark Dome is a broad elongated 
structure that extends from Missouri into the northern part of Arkansas (Woolsey, 2007). 
The dome was once part of the stable platform during the lower Atoka. Successively 
younger Paleozoic strata, dipping south-southwest at less than one degree make up the 
southern flank of the dome (Manger and Handford, 1990). Croneis (1930), described the 
structural deformation as mild, but Moyer (1985) recognized a structural transition zone 
separating the Ozark uplift and Arkoma basin. This zone is bounded by the Cass fault- 
monocline system to the north and Mulberry Fault to the south. The zone can be recognized 
by a series of large down-to-the-south normal faults (Manger and Handford, 1990). 
 
Tectonic History 
 The evolution of the Arkoma basin and Ouachita orogenic belt to the south, reflects 
the opening and subsequent closing of a Paleozoic oceanic basin (Houseknecht and Kacena 
1983). Many models of the Arkoma’s tectonic history have been proposed over the years. In 
recent years the scenario involves consumption of oceanic crust and lithosphere via 
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southward-dipping subduction and consequent collision between an Atlantic-type 
continental margin (the southern margin of North America) and either an island arc or 
continental plate, known as Llanoria (Houseknecht and Kacena, 1983). 
Figure 4 illustrates the tectonic evolution of the Arkoma basin from the Precambrian 
through Pennsylvanian (Desmoinesian) Houseknecht (1986).  During the late Precambrian 
to early Paleozoic time period, there was a major rift event which resulted in the opening of 
an ocean basin (Figure 4A). This records the break-up of the super continent Rodina into 
Laurasia and Gondwana. The southern margin of Laurasia (present day North America) 
existed as a passive margin adjacent to an oceanic basin from the initial rifting through the 
middle Paleozoic (Figure 4B). The ocean basin began to close during the late Devonian or 
early Mississippian accommodated by southward subduction beneath Llanoria. The 
incipient Ouachita orogenic began to develop as an accretionary prism along the southern 
margin of the subduction zone (Figure 4C). The lower Atoka deposition characterized by 
shallow marine to non-marine environments took place on the tectonically stable southern 
margin of Laurasia during this time. The remnant ocean basin was ultimately consumed by 
subduction, and the northward advancing subduction complex was abducted onto the 
rifted continental margin of North America during the middle Atoka (Figure 4D). 
Formation of the Arkoma foreland basin resulted from the convergence of the orogenic belt 
and the flexural bending caused by vertical loading of the accretionary prism 
(Houseknecht, 1986). Foreland style thrusting overprinted the foreland basin fill during the 
late Atokan to Desmoinesian and resulted in the structural configuration of the basin seen 
today.  
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Figure 4: Houseknecht’s tectonic evolution of the Arkoma basin (1986). 
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Previous Stratigraphic Investigations 
For over 100 years the Atoka Formation has been recognized as a formal 
lithostratigraphic unit (Taft and Adams, 1900), although an understanding of the 
formation’s geologic history, including its depositional setting, has only existed for the past 
30 years (Woolsey, 2007). Several investigations of the Atoka Formation have been 
conducted over its depositional environment and sediments. Many of these include 
published papers and unpublished theses at the University of Arkansas, though all have 
shown variable amounts of detail, they are remarkably persistent (Woolsey, 2007). 
 
Lower Atoka Lithostratigraphy 
The Atoka Formation is commonly subdivided into three lithostratigraphic 
divisions, Upper, Middle, and Lower (Haley and others, 1976; Zachry, 1983; Zachry and 
Sutherland, 1984; Sutherland, 1988). Woolsey (2007) documents that the subdivisions 
seem to be first defined by Scull and others (1959), based on the tectonic history of the 
basin. A few others such as Buchanan and Johnson (1968) applied similar divisions, but do 
not mention Scull and others or relate the divisions with industrial names of the time 
presented by the Fort Smith Geologic Society (1960). Woolsey (2007) also states that the 
divisions of the Atoka formation are arbitrary and inconsistent throughout literature. For 
consistency with Woolsey (2007), this study will use the division of Zachry (1983). Zachry 
makes clear divisions between the equally distributed sand-shale developed lower Atoka, 
the shale dominated middle Atoka, and sandstone dominated upper Atoka (Woolsey, 
2007). 
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Figure 5: Fort Smith Geological Society Stratigraphic Cross-section No. 1 Arkoma Basin, Arkansas (1988). 
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Table 1 compiled by Valek (1999) compares Zachry’s divisions to those made by 
Haley and Hendricks (1972), which has more uneven divisions and creates an exceptionally 
thick lower Atoka. Haley and Hendricks division of the Atoka does not correlate to the idea 
of the Arkoma Basin subsidence marking the start of the middle Atoka and separating it 
from the Lower Atoka above the Sells member. Table 1 also aims to clear up the industrial 
naming convention that can be confused throughout the literature. 
Nomenclature for subsurface sand bodies in the Atoka Formation arose to designate 
reservoirs for the establishment of field rules in the exploration for natural gas (Woolsey, 
2007).  In 1960, the Fort Smith Geologic Society tried to create some uniformity in the 
nomenclature between all companies by producing a dip cross-section to illustrate 
subsurface correlation of Morrowan and Atokan producing formations in Northwest 
Arkansas. They produced a regional west-to-east cross-section in 1988 from the Oklahoma-
Arkansas border, through Northwest Arkansas, extending into western Cleburne Country, 
Arkansas (Figure 5). There are minimal differences in naming convention between the 
current project and that of Woolsey (2007) and Table 1. The major differences between 
Woolsey and the current thesis is the Hamm is recognized as the Cecil Spiro, the Upper 
Jenkins is recognized as the Ralph Barton, and there is no recognition of a Lower Jenkins in 
this project. Recognition of the sandstone units in the current thesis and Woolsey (2007) 
are based on position within a sequence as observed on select well logs, regional well 
location, well log signature, relationship to ‘marker’ units, and the experience of the 
interpreter (Woolsey, 2007). The Focus of this thesis will remain in the Lower Atoka. 
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The lower Atoka is comprised of eight informal members. This investigation is 
focused on the members in stratigraphic succession above the Patterson member to the top 
Lower Atoka formation including the Cecil Spiro, Paul Barton, Dunn “C”, Ralph Barton, 
Dunn “A”, and Sells members (Figure 6). This excludes the Lower Jenkins based on the 
1988 Fort Smith Geologic Societies regional cross-section. This study uses the Base Trace 
Creek as the division between Woolsey’s focus (the Orr and Patterson cycles) and is 
focused on the overlying Cecil Spiro through Sells interval. This interval is characterized as 
a cyclic succession of stacked shelf to shore zone deposits that record rapid basinward-
landward-basinward shifts in shoreline position in response to changes in relative sea level 
across the very flat, low relief passive margin that existed prior to its evolution into the 
Arkoma Basin (Figure 7). 
Figure 6: The lower Atoka well log correlation illustrating the stratigraphic subdivisions of 
the lower Atoka above the Kessler unconformity. This is also showing the Woolsey (2007) 
thesis in red underlying the current continuation in blue Modified from the FSGS 
Stratigraphic Cross-Section (1988). 
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Figure 7: Paleogeographic reconstructions of the lower Atoka during periods of 
relative sea level highstand and lowstand (McGilvery, Manger, and Zachry, 2016). 
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Multiple investigations focused on the Atoka Interval have been conducted in the 
Arkoma region that establish the context for an investigation like the current project. Key 
publications include Zachry (1983), Sutherland (1988), and their combined work in 1984 
which takes an in-depth look at all three divisions of the Atoka formation and their 
depositional environments. Unpublished master’s theses include multiple studies using 
outcrops and well logs to correlate depositional environments within the lower Atoka 
including Harris (1983), Ramsey (1983), and Woolsey (2007).  Valek (1999) and Combs 
(2001) advanced the understanding of lower Atoka depositional facies using I-49 surface 
exposures during construction of that new highway in Northwest Arkansas. 
This study builds upon several previous studies of the Lower Atoka succession. 
Ramsey (1983) completed an outcrop study of the lower Atoka centered in T12-14N and 
R25-27W, which lies within this project area. His thesis focused on the lithostratigraphy 
and petrography of the Atoka Formation in the St. Paul Area of Northwest Arkansas. He 
then used log data, aerial photography, and geologic maps to correlate the Atoka sands. 
This work tied his outcrop data into the subsurface via a series of outcrop to well log 
stratigraphic cross-sections. The current project is tied to Ramsey’s subsurface Cross-
section B (Ramsey’s Figure 12, 1983) to update and continue his correlations into the 
subsurface of the northern Arkoma Basin. 
A major component of the current thesis is the high-frequency sequence 
stratigraphy of the upper portion of the lower Atoka. This project is designed to be 
complementary with that of Woolsey (2007) that focused on the underlying the Orr 
through Patterson Cycles of the Lower Atoka formation. Woolsey (2007) established a 
stratigraphic framework and depositional model for the Orr and Patterson members based 
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on stratigraphic cross-sections, interval and net sand maps based on log analysis of more 
than 1,400 wells.  That study described high frequency cycles in the context of lowstand 
and transgressive system analysis.  
TABLE 1: INDUSTRIAL NOMENCLATURE OF THE ATOKA 
This Thesis Other commonly used names 
Upper Carpenter Carpenter, Carpenter A 
Upper Alma  
Middle Alma  
Lower Alma  
+++++++++++++Base of Upper Atoka (Haley and Hendricks, 1972)+++++++++++++ 
Lower Carpenter Carpenter B 
---------------------------------Base of Upper Atoka (Zachry, 1983)----------------------------- 
Glassy  
Morris Self, Tackett 
 
Tackett Woolsey, Morris 
 
Areci Self 
Moyer Hood, Upper Bynum 
+++++++++++++Base of Middle Atoka (Haley and Hendricks, 1972)++++++++++++ 
 
Bynum1  
Hurst Lower Bynum 
Freiburg Henson, Pearson 
Casey Hudson 1 
Vernon  
--------------------------------Base of Middle Atoka (Zachry, 1983)----------------------------- 
 
17 
 
TABLE 1: CONTINUED 
This Thesis Other commonly used names 
Sells Dunn A, McGuire, Hudson 2 
Ralph Barton Upper Jenkins2, Upper Allen, Jenkins 
 
Lower Jenkins3 Dunn B 
 
Dunn C Dawson, Dawson A, Allen 
Paul Barton Dawson B, Russell, Lower Allen, Lower Dawson 
Cecil Spiro Hamm, Cecil 
Patterson  
Orr* Spiro, Kelly, Barton, Basal Atoka, Greenland? 
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
---------------------------------------------------------------------------------------------------------- 
Zachry (1983), and Hendricks and Haley (1972) agree on base of Lower Atoka. 
Names in bold-type are recognized basin-wide 
1 - In some cases, the Bynum-Hurst interval may appear as a single sand, in which case 
the name “Bynum” is used. 
2 - In some cases, the Upper Jenkins-Lower Jenkins interval may appear as a single sand, 
in which case the name “Upper Jenkins” is used. 
3 – Not recognized in the current study. 
------------------------------------------------------------------------------------------------------------ 
Originally modified from Valek, 1999. 
 
 
Methods 
 The project is focused on subsurface correlation of stratigraphic cycles within the 
Lower Atoka Formation based on well log data. The log data consists of raster images of full 
well log suites. Correlations were made with the use of SP, gamma ray, and 
resistivity/conductivity logs.  A series of strike (west-east) and dip (north-south) oriented 
stratigraphic cross-sections have been constructed to illustrate the correlation framework 
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and regional variability of the individual cycles. Maximum flooding surfaces were 
interpreted as the primary bounding surfaces of individual named cycles (e.g. Cecil Spiro, 
Dunn C) each representing a single depositional episode (discussed in more detail below). 
An additional stratigraphic pick has been placed within each cycle to mark the upward 
transition from mud-rich open marine facies to upward thickening/coarsening (funnel 
shape) silt to sand-rich facies (Figure 8).  
A series of isopach maps using the geological interpretation software Petra™ have 
been generated to illustrate the lateral distribution and thickness variations of select 
Figure 8: A type log of the Lower Atokan interval, well Jeffries 1-27 10N, 27W, sec. 23 
(McGilvery, Manger, and Zachry, 2016). Divisions of the study cycles along with intervening 
shale to sand-rich picks (Black dotted line). 
 
 
19 
 
intervals. Gross interval isopach maps of each of the named cycles have been generated as 
the thickness between their bounding maximum flooding surfaces (Figure 8). In addition, 
isopach maps of their internal mud-rich and sand-rich subdivisions have been generated to 
better illustrate variations in sediment supply and accommodation space.  
A secondary goal of this project focuses on using log motif and cycle stacking 
patterns in order to determine if it is possible to recognize upward thickening or thinning 
trends of groups of cycles reflecting lower frequency cyclicity that overprints the standard 
named cycles (Figure 9). This lower frequency cyclicity may reflect periods on the order of 
100’s k.y. whereas the individual named cycles are likely on the order of 10’s k.y. That said, 
such high-resolution age dating is not currently available for the Atokan series. These are 
suggested as relative periodicities to differentiate the terms “low” vs. “high” frequency 
Figure 9: The lower Atoka section broken up into one 3rd order depositional episode with 
multiple 4th to 5th order high-frequency cycles within (McGilvery pers. Comm.). 
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cycles. Bounding surfaces between systematic changes in stacking patterns reflecting lower 
frequency cycles become apparent when reviewing the stratigraphic cross-sections in 
series. These reflect periods of transgression, rising relative sea level (landward stepping 
cycles) and regression, falling relative sea level (basinward stepping cycles) as illustrated 
on Figure 9. This allows for the determination if the lower Atoka can be divided into 4th 
order stratigraphic cycles (10’s to 100’s k.y.) that reflect the sea level history across the 
stable Ozark Platform before its transition into the Arkoma Foreland Basin.  
  As part of the background research, and to provide the most complete correlation 
techniques possible, outcrop visits to select lower Atoka road cuts were made. This helped 
develop a familiarization with thickness and facies variations within the Cecil Spiro and 
Sells members. This also help constrain correlations between wells in the northernmost 
part of the study area where well control is limited.  
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Database 
 The complete database in the 2,300 square mile study area contained more than 
2,000 wells. 919 wells and four measured outcrop sections were correlated and integrated 
in this study due to time constraints, faulting, log quality, or shallow depth of some wells 
(Figure 10). The greatest well density lies within the southern portion of the project area 
and rapidly diminished to the north. The four measured sections include West Fork South 
Stop 7 (McGilvery, Manger, and Zachry, 2016), St. Paul, Combs, and Bear Wallow Hollow 
(Ramsey, 1983). Log correlations between wells and projection of those correlations to the 
northern outcrops required jumps across distances from one to almost ten miles in some 
Figure 10: All 919 wells plus the 4 measured outcrop sections correlated for the project. 
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cases.  All of the well logs used were raster logs, with gamma ray, resistivity, and 
conductivity log markers as the main tools for correlation of the six upper members of the 
lower Atoka. The underlying Kessler Limestone (Morrowan) is a regional, relatively 
recognizable, carbonate unit and was correlated as the base of the Atoka unconformity.   
 The well log database was organized and displayed using Petra™. All interpretations 
were entered into this database for future reference. Formation tops were correlated and 
associated maps were produced in this software. Petra™ is able to quickly generate contour 
maps that were used to aid in hand-drawn contour maps for better geologic accuracy 
(Woolsey, 2007).  
 
Log Correlation 
  Log correlation began by incorporating the Fort Smith Geologic Society's 1988 
cross-section (Fig 4) into the database. This was done by selecting all the wells and the 
formation tops interpreted by the FSGS and recreating that cross-section in Petra™. If wells 
were not present within the database, the geographically closest well was included to take 
its place. Once this was done correlations from Woolsey’s thesis were included. 
 Woolsey (2007) presented four regional cross-sections that provided additional 
calibration to insure consistency between the existing nomenclature (Figure 11). Cross-
sections A and B are strike cross-sections running east to west. Cross-section A runs 
through the southern portion of township 10N and section B is located farther south 
through the center of 8N. Cross-sections C and D are dip cross-sections running north to 
south through ranges 29W and 26W. Woolsey correlated tops for the Trace Creek, Basal 
Atoka, Sub Orr shale, and Patterson on all four cross-sections. These sections also include a 
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top and base picked for Upper Orr, Lower Orr, and the Kessler. 
Most of the Woolsey (2007) picks are stratigraphically below the current study 
interval, but as a continuation of that thesis, the cross-sections with picks relative to the 
current study were transferred into the current project. The transferred picks were the 
Patterson and Kessler. The Kessler Limestone top marks the base of the Atoka interval as 
the Morrowan-Atokan unconformity. The Patterson top marks the base of the Trace Creek 
shale, which is the base of the interval studied in the current project. Top Patterson pick 
was renamed the Base Trace Creek to reflect this as a regional maximum flooding surface 
that separates the lower, Lower Atoka from the middle and upper, Lower Atoka. After these 
two tops were picked from the cross-sections provided by Woolsey, additional Top Kessler 
and Base Trace Creek picks were made across the project area. In addition, a Top Sells pick 
was correlated through all four of the Woolsey’s cross-sections. The Base Trace Creek 
(Woolsey’s Top Patterson) and the Top Sells then established the top and base of the study 
section in the current project. 
The northernmost cross-section from previous stratigraphic studies incorporated in 
this project was presented by Ramsey (1983, His Figure 12, section B-B’). It contains seven 
wells running east to west from range 28W to 24W straddling the boundary between 
townships 11N and 12N (Figure 11). Most of Ramsey’s work was outcrop based and 
included a series of north to south stratigraphic cross-sections based on measured outcrop 
sections each terminating with correlation to the nearest well log at their southern 
(basinward) end. 
The cross-sections from Ramsey (1983), FSGS (1988), and Woolsey (2007) provided 
an excellent foundation for the expansion of correlations throughout all the well control in 
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this study. The Sells, Kessler, and Base Trace Creek were correlated throughout the area 
first. Then correlations of the other lower Atoka members, Ralph Barton, Dunn C, Paul 
Barton, and Cecil Spiro, were correlated with reference to the FSGS cross-section, and 
Ramsey thesis. 
 The top picks were based on the recognition of sand packages throughout the 
section. Sand packages are characterized by low gamma and conductivity readings. Picking 
the tops and bases of the sands is a common practice by industry geoscientists whose 
interest is focused on mapping of potential sand-rich reservoir intervals. Traditionally, 
named units refer to these sand-rich packages. The named packages or cycles in this study 
are correlated to include the underlying, genetically related mud-rich faces (Figure 8). This 
approach defines cycles as complete depositional episodes (Galloway, 1989).  
 The bases of the sand packages were still picked in the lower three depositional episodes, 
the Cecil Spiro, Paul Barton, and Dunn C to facilitate mapping of subunits within individual 
named cycles. This practice better defined internal thickness patterns and interpretation of 
lateral changes in sediment supply and accommodation space.
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Figure 11: This map shows all of the outcrop measured sections, wells, and used/produced cross-sections in the current project. Cross-sections 
A,B, C, and D replicate those used in the Woolsey (2007) thesis with minor well additions of changes. Ramsey’s well cross-section (1983, His figure 
12, section B-B’) was replicated in orange, and his outcrop measured sections labeled in blue.  
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Sequence Stratigraphy Overview 
 The foundational principles regarding sequence stratigraphic interpretation is the 
fact that basin fill successions are inherently cyclic and that sequences are correlated on 
the basis of syndepositional elements. This second point avoids the complication brought 
on by simple lithostratigraphic correlation when it comes to paleogeographic 
interpretation. The lithostratigraphic problem is that like lithologies generally reflect like 
depositional environments so the challenge becomes how to incorporate lateral changes 
between time equivalent depositional environments in paleogeographic reconstructions. 
There are two contrasting approaches to sequence stratigraphic interpretation.  
The “Vail/Exxon” model that defines a depositional sequence of genetically related 
strata bounded by regional unconformities and their correlative conformities (Vail and 
others, 1977). The depositional sequence is tied to a eustatic sea level cycle starting at the 
point of sea level lowstand and regional subaerial erosion landward, followed by 
transgression to highstand, and then sea level fall back to lowstand conditions. This model 
implies that eustatic sea level cycles are dominant over sediment supply and/or subsidence 
rate. This is an offshoot of the earlier model of cratonic unconformity bounded sequences 
defined by Sloss (1963).  
The Frazier/Galloway model defines genetic stratigraphic sequences as packages of 
genetically related strata bounded by maximum flooding surfaces (Galloway, 1989). A 
genetic stratigraphic sequence is the result of a depositional episode and is essentially a 
sediment package recording a sequence of progradation to aggradation followed by 
retrogradation (transgression). The depositional episode or “depisode” is the fundamental 
stratigraphic unit and records deposition initiated at a period of highstand conditions 
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(maximum flooding) followed by progradation to some maximum basinward extent at the 
turnaround point to transgression and flooding back to highstand conditions. A basic 
assumption is that the marine reworked sediments during the transgression are genetically 
related to the underlying sediments being reworked. There is no major unconformity at 
this boundary but rather a simple bypass, hiatus surface. In an ironic twist, the smallest 
stratigraphic unit recognized within the Vail/Exxon depositional sequence is the 
parasequence which is defined as a genetically related succession of bed sets bounded by 
marine flooding surfaces.  These are essentially high frequency cycles within depositional 
episodes. Figure 12 provides a comparison between the two sequence stratigraphic models 
(Kincaid, 2018 – McGilvery, Manger, and Zachry, 2016). The Frazier/Galloway model of a 
genetic stratigraphic sequence can combine many depositional episodes on different scales 
or frequencies of cyclicity that reflect the interaction of eustatic changes, sediment supply, 
and subsidence. Thus making all the scales of cyclicity relevant without having to rely on 
sustained periods of subaerial exposure to form an unconformity.  
  The current project in the lower Atoka is a great example for application of the 
Frazier/Galloway method (Fig 9). The lower Atoka ranges from 350 feet to 2000 feet in 
thickness, with the entire Atoka thickness averaging between six and seven thousand feet. 
The lower Atoka interval in this study consists of three to five depositional cycles bounded 
by maximum flooding surfaces (depositional episodes of Galloway, 1989). There are no 
major unconformities within this succession only hiatus surfaces reflecting sediment 
bypass in these high frequency cycles that are generally ≤ 100,000-year duration. The top 
Kessler unconformity at the Morrow-Atoka boundary is at least 7,000 feet stratigraphically 
below the next bounding unconformity at the top Atoka in some areas. This makes the 
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application of the Vail/Exxon model with its emphasis on unconformities as sequence 
boundaries impractical in this case. This approach would also negate the major transition 
between the lower and middle Atoka (just above the Sells), where depositional episodes 
dramatically increase in thickness due to increased subsidence. The project is also based 
around well logs where maximum flooding surfaces are more easily and consistently 
recognized rather than hiatus surfaces that commonly occur within sand-rich intervals. 
These surfaces reflect the transition from shoreline progradation overlain by transgressive 
marine reworking during the turnaround from falling to rising relative sea level that must 
occur before the point of maximum flooding as highstand conditions are reestablished.  
 
Figure 12: Difference between the genetic stratigraphic sequence (blue) and depositional 
sequence (red) models. Modified from Galloway (1989). (Kincaid, 2018 – McGilvery, 
Manger, and Zachry, 2016) 
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Observations 
A series of isopach maps have been generated to illustrate lateral and vertical 
thickness changes within the Lower Atoka Interval. Isopach maps include gross interval 
maps of the five named intervals within the overall all study interval which includes Base 
Trace Creek Shale to Top Sells (Figure 14). The named intervals include the Cecil Spiro, 
Paul Barton, Dunn C, Ralph Barton, and Sells (Figures 15, 18, 24, and 25). The gross interval 
isopach maps include outcrop data points along the northern margin from Ramsey (1983). 
The lower three named intervals have been divided into lower “shale-rich” and upper 
“sand-rich” intervals: Cecil-Spiro (Figures 16 and 17), Paul Barton (Figures 19 and 29), and 
the Dunn C (Figures 22 and 23). There is an additional isopach map of a higher frequency 
cycle within the lower Paul Barton (Figure 26).  
A series of regional stratigraphic cross-sections have been generated to illustrate 
the well correlations and to support thickness and onlap trends indicated by the maps. 
There are two east-west sections; A and B (Figures 27 and 29) and three north-south 
sections C, D, and E (Figures 32, 34, and 36). These sections are repeated with the addition 
of the internal correlations that further divide select named intervals; Cecil Spiro, Paul 
Barton, and Dunn C. This was done to better illustrate the named intervals that are color 
coded to ease their recognition before adding the clutter of additional internal correlations. 
There is an additional Cross-section B that illustrates the correlation of the higher 
frequency cycle within the Paul Barton (Figure 31).  
All of the maps and cross-sections are presented at the back of this section in 
stratigraphic and geographic order for ease of review while reading the text. 
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Overall study Interval- Base Trace Creek – Top Sells 
 An isopach of the complete study section (Base Trace Creek to Top Sells) is 
displayed on Figure 13. The interval ranges from <50ft on the north to >800ft to the south. 
General trends of the section display homologous trends to the Lower Atoka as a whole 
which ranges from <200ft to >1,100ft (Figure14). Overall, the section is thinnest toward 
the northwest part of the study area and thickens to the southeast in a general depositional 
dip direction. The thickening trend is more directly north to south with a subtle thickness 
increase to the southeast when compared to the overall lower Atoka interval (Top Kessler 
to Top Sells) which thickens substantially to the southeast. Less noticeable than the north 
to south trend, there is a slight west to east thickness trend in the gross interval illustrated 
by Cross-sections A and B (Figures 27 & 29) with the isopach show that thickness increases 
slightly west to east. The absolute thickest area of the study interval is seen in the 
southeast of township 8N ranges 24W to 26W. The thickest portion is 873 feet and appears 
in the Rachel Fisher 1 well located 8N 27W sec 36. Well control is sparse to the north 
although the few wells in townships 13N ranges 28W through 30N show the northern 
thinning. The thinnest subsurface section appears in the Thomas G 1 well at 126 feet in 
T13N R29W sec 17. Ramsey (1983) measured an outcrop section that was only 160ft in 
thickness in T13N 26W sec 5.  
 The complete Lower Atoka from the Kessler to the Sells shows the same trends as 
seen in the study section with a slightly larger overall greater thickness with the inclusion 
of the Orr and Patterson sand packages between the Trace Creek Shale and the Kessler 
Limestone (Figure 14). The north to south thickening trend on the gross Lower Atoka 
isopach is best depicted on Cross-sections C and D (Figure 32 & 34). Cross-section C (Figure 
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32) includes the wells farthest north as well as the measured section along I-49. This 
covers the most distance north and south approximately 28 miles. Some of the northward 
stratigraphic thinning is due to on lap of multiple packages. Cross-section D (Figure 34) 
towards the eastern side of the isopach shows the same relative thinning trend. Ramsey’s 
work confirms thinning and onlapping farther north, proven by his outcrop measured 
sections in the northeastern part of the study area (Figure 32 & 34). His outcrop measured 
sections are shown as triangles on the isopach maps.  
 
Cecil Spiro 
 The Cecil Spiro interval isopach (Figure 15) shows a similar thickening trend to the 
south but also exhibits greater lateral variability in thickness. The southern half of the map 
exhibits rather lobate areas of increased thickness punctuated by north-south oriented 
thins. One of the main north-south thin sections runs through 27W and 28W and divides 
the thickest portion of the Cecil Spiro into two separate areas. Cross-section B (Figure 29) 
shows the Cecil Spiro interval in light green and documents the thinner section in the 
central area at the Pendergrass well and the thickest interval in the Andrews well. The 
thickest area on the interval map is positioned in the west-central portion of the area, 
unlike the thicker area to the southeast on the gross lower Atoka interval (Figure 14).  
 The Cecil Spiro is prevalent throughout the entire area looking at stratigraphic dip 
Cross-sections C (Figure 32), D (Figure 34), and E (Figure 36) along with the isopach map 
(Figure 15). All three of these cross-sections show a major thickening of the Cecil Spiro 
across a hinge line shown as a vertical dashed green line on each section. The thickening 
falls between townships 10 and 11 in the west, but slightly farther north in the east 
32 
 
between townships 11 and 12. This line of expansion is shown as a dashed white line on 
the Cecil Spiro gross interval map (Figure 15). The absolute thickest observed interval of 
Cecil Spiro is 256 feet in the Black well in 8N 26W sec 30. The thinnest interval occurs in 
the Kradel well in 8N 31W sec 32 at 49 feet. A Cecil Spiro outcrop is included at the 
northern end of Cross-section C (Figure 32) in township 14N. It sits on top of a covered 
interval believed to be the Trace Creek shale that is included in the Cecil Spiro depositional 
episode.  
 The Cecil Spiro has been divided into a lower shale-rich interval and an upper sand-
rich package. This subdivision is shown as an additional correlation line shown in black on 
the regional cross-sections (Figures 28, 30, 33, 35, and 37).  The lower Cecil Spiro shale-
rich interval isopach defines a relative thick in the southeastern area of the map (Figure 
16). In contrast, the upper Cecil Spiro isopach map defines a thick in the southwest area of 
the map (Figure 17).This offset indicates a westward shift in sand-rich sediment supply 
during the Cecil Spiro relative to the underlying Patterson Interval previously mapped by 
Woolsey (2007). Cross-section C shows with the sand/shale divisions and the north to 
south expansion of the sand-rich upper Cecil Spiro around township 10N between the 
Smith Estate and the House T J wells (Figure 33).  
 
Paul Barton 
 The overlying Paul Barton is the first of the depositional episodes that onlaps well 
before reaching the northern end of the study area (Figure 18). While the complete Lower 
Atoka extends forty-two miles north-south across the study area, the Paul Barton onlaps in 
between townships 12N and 13N. This can be seen in Cross-sections C and D where the 
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Paul Barton interval is shown as a transparent cyan band (Figures 32 & 34). The pinch out 
is between the Smith Estate and Butler wells on cross-section C (Figure 32) and between 
the Hill C W and the Mcray Baker et al well on section D (Figure 34).  The Paul Barton 
depositional limits cover the lower 27 miles of the study area. 
 Although it does not cover the total limits of the study area due to thinning and 
pinch out in the north, the Paul Barton shows the familiar trend of thickening towards the 
southern limits of the area (Figure18). The major thickening of the Paul Barton occurs 
along an east west hinge along the northern margin of township 9 shown as a white dashed 
line on the interval isopach. The interval is the thickest in the southeast and thinnest in the 
north. The thickest observed section is179 feet at the Fox well in 8N 24W sec 20, and the 
thinnest in the Kauffeld well in 12N 24W sec 34 at 15 feet. The Paul Barton interval isopach 
exhibits the same north-south thinning trends and “fingers” spaced out through the central 
part of its dispositional limits. An example of a thinner area can be found along the western 
half of townships 9N and 10N, 28W and an example of a "finger" is along the eastern side of 
townships 8N and 9N, R27W. This seems to be the same thinning trend displayed on the 
Cecil Spiro interval isopach along R27W (Figure 15), but it is narrower and shifted slightly 
to the east.  There is also a relative thicks in the area of 9N 30N and 31N on the western and 
in the south east corner in 8N, 24W and 25Wside of the area. These suggest local 
depositional thicks above the Cecil Spiro interval. 
 The internal, shale-rich and sand-rich isopachs exhibit the same regional and local 
trends as seen on the gross interval isopach (Figures 19 and 20).  The local shale thicks in 
T9N, R30-31W and in T8N, 28W overly the gross interval thicks in those same positions 
previous described on Figure 18. These same elements appear on the sand-rich isopach but 
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are relatively thinner than the underlying shale-rich elements (Figure 20). The significant 
difference is the sand-rich thick in the southeast area in townships 8N and 9N, ranges 24W 
and 25W. This is a major eastern offset of sand-rich sediment supply from the underlying 
sand-rich thick in the Cecil Spiro which lies some distance to the west (Figure 17).  
 
Dunn C  
 The Dunn C gross interval (Figure 21) covers the majority of the the study area, but 
it does pinch out at the far northern end around townships 13N and 14N. There are a few 
wells that show this onlap. The Dunn C interval pinches out on Cross-section C between the 
Butler A and Behner C wells (Figure 32) and on Cross-section E between the Bear Wallow 
Hollow and Combs outcrop measured sections by Ramsey (1983, Figure 36). The interval is 
also absent in the farthest most outcrops of Ramsey (ibid).  
 The Dunn C gross interval isopach map (Figure 21) matches the trends of the entire 
study interval (Figure 13) very well. There is a very smooth north to south thickening trend 
down to an east to west hinge line running through T9N. There is a considerable increase in 
thickness south of this line. As with the previous maps, the thinnest of the package 
consume the northern edges of the map, while the thickest run parallel to the southern 
border of the map. In, the thinnest section (15ft) is recorded at 11N 28W sec 34 in the Bear 
Wallow Hollow measured section featured in Cross-section E (Figure 36, Ramsey, 1983). 
The thickest well-recorded 186ft of Paul Barton section in the Rachel Fisher well located in 
T8N, 27W, sec 36.  
 This is the shallowest interval where the comparison between sand and shale is 
made (Figures 22 & 23). The internal thickness trends are subtle given the thin overall 
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interval. There is a local relative thick on the shale-rich interval in T8-9N, R 26-27W 
(Figure 22). The sand-rich interval is thicker overall in this southern area with a local thick 
shifted to the west in T8N R29-31W (Figure 23). 
 
Ralph Barton 
 The Ralph Barton gross interval (Figure 24) shows very similar trends to the 
underlying Dunn C gross interval (Figure 21) however the hinge line of expansion has 
shifted two townships (approx. 12 miles) to the north. The hinge line is positioned within 
T10N with a subtle northward swing along its eastern extent R24W to R27W. This is shown 
as a white dashed line on the interval map (Figure 24) and as a vertical, dashed yellow line 
on Cross-sections C, D, and E (Figures 32, 34, and 36) . The thickest Ralph Barton is 238ft, 
observed in the Spicer well located in 8N 24W sec 30. The thinnest Ralph Barton is 24ft, 
observed in the Allen M F F well located in 8N 31W sec 30. Major thickening occurs in T8N 
between the Rebsamen and Smith Ollie 2 wells on Cross-section C (Figure 32). Thickening 
occurs in T9N between the Chappell and Casalman wells on Cross-section E (Figure 36), 
and T10N south of the Sturdivant well on Cross-section D (Figure 34). There is an overall 
interval thick in the southeast corner of Figure 24 that indicates a lateral shift back to the 
east during the Ralph Barton deposition relative to the underlying sand-rich thick in the 
Dunn C (Figure 23). 
 This interval covers the whole study and is included in all of the outcrops except for 
the I-49 outcrop outside West Fork, shown in Cross-section C (Figure 32) and the 
Mountainburg Core Cross-section (Figure 38). This is in the western portion of the area; all 
outcrops to the east include the Ralph Barton, as shown on Cross-sections D and E (Figures 
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34 & 36). The Ralph Barton overlies the top Cecil Spiro or the Dunn C depending on 
geographic location relative to their pinch outs. 
 
Sells 
 The Sells is the shallowest/youngest named unit within the study interval  The Sells 
is one of the thickest and most wide spread units (next to the Cecil Spiro) and follows a 
similar gross thickness trend as the complete Lower Atoka (Figures 25 and 14). However, 
the linear thickness trend is not as smooth as that in the complete Lower Atoka interval.  
The Sells thickening trend increases steadily from the northwest to the southeast of the 
area. All six regional cross-sections show thickening of the Sells interval toward the  south 
or east. The thickest observed Sells is 417ft in the Kleck well located in T8N R25W sec. 16.  
The thinnest was 25ft measured in outcrop at the St. Paul locality (Ramsey, 1983), 
illustrated on Cross-section D (Figure 34). The hinge line has shift slightly to the north 
relative to the underlying Ralph Barton. The swing to the north along its eastern end is 
consistent with that observed in the Ralph Barton as well. 
 As with the outcrop trend of the Ralph Barton, the Sells interval is present in all but 
one outcrop. This is the same outcrop in the northwest portion of the study area, the I-49 
outcrop. It is featured in both Cross-section C (Figure 32) and the Mountainburg Core 
Cross-section (Figure 38). 
 
General Observations 
 When looking at the gross interval thicknesses of the named units within the overall 
study interval series, there are general trends that can be observed. The smallest in aerial 
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extent and thinnest package is the Paul Barton. The thickest of the named units is the Cecil 
Spiro. The isopach thick of the Cecil Spiro (Figure 15) is located to the southwest which is 
offset from the underlying thick in the Patterson as defined by Woolsey (2007). The 
overlying Paul Barton gross interval isopach (Figure 18) defines a relative east-west thick 
along its southern margin but the internal sand-rich subdivision (Figure 20) shows a local 
thick back to the southeast. The Dunn C gross interval (Figure 21) shows the same trend as 
the underlying Paul Barton yet the sand-rich internal subdivision (Figure 23) shows a shift 
back to the west. The two shallowest/youngest gross interval isopachs (Ralph Barton 
under Sells, Figures 24 and 25) indicated a shift back to the east. These southeast thickness 
trends are reflected in the complete Lower Atoka interval isopach shown in Figure 14. 
 An extra sand package was mapped within the lower Paul Barton, which is an 
example of a higher frequency cycle within the study interval (Figure 26 & 31). It exists in 
the southern thirds of the study area and expanding in width to the east. It exhibits subtle 
thickness variations but stays under 40 feet in thickness. An additional version of Cross-
section B (Figure 31) has been created to show this sand package.  
  Some general observation in areas where well control is limited can be found on all 
isopachs in the western area of the map in between 8N and 9N 32W and in the northern 
portion of the study area. These often lead to problems in the contour algorithm due to the 
sparse well control. Examples of problems can be seen in the Sells isopach with few 
bullseye shaped contours throughout the northwest area.  
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Interpretations 
 The five named depositional episodes of the upper portion of the Lower Atoka have 
been mapped across the study area. These include (in ascending order) the Cecil Spiro, Paul 
Barton, Dunn C, Ralph Barton and Sells. These depositional episodes record cyclic inner 
shelf to marginal marine deposition across a broad low relief platform. Three of the cycles 
(Cecil Spiro, Ralph Barton, & Sells) extend to the north in outcrop beyond the limits of the 
study area which was defined on the basis of lack of well control in that region. Two of the 
cycles, Paul Barton and Dunn C, onlap to north which suggests an updip transition to 
subaerial bypass and erosion during their depositional history as shown on north-south 
Cross-sections C, D, and E (Figures 32, 34, and 36). Interval isopach maps and repetitive 
cycles of upward thickening/coarsening log motif define depositional trends, hinge lines, 
and general characteristics of a tidally-influenced inner shelf to shore zone/deltaic 
deposits.  
Correlations indicate rapid, north to south shoreline shifts of 42 plus miles across 
the Study area. Considering the Snedden and Lie sea level model (2010), and the expected 
19 minutes of slope (Chinn & Konig, 1973), rapid shoreline shifts of this magnitude would 
need “assistance” beyond simple eustacy even with such a low slope of <1 degree (Figure 
39). On a perfectly stable platform under these conditions, the shoreline would typically 
shift 18.4 miles. The “help” reflected as expansion of the packages across hinge lines that 
were attributed to either 1) accommodation space related to depositional relief on 
underlying cycles or 2) tectonic influences resulting in pulsed of tilting particularly at the 
Base Trace Creek Shale and the Top Sells regional flooding surfaces. These two surface are 
the bounding horizons for the study interval of this project.  An additional high frequency 
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cycle was interpreted within the Lower Paul Barton (Figure 26) that illustrates existence of 
even shorter duration cycles possibly reflecting autocyclic or short duration sea level 
fluctuations (10’s k.y.) 
 
Tectonic Influences 
 The Trace Creek shale at the base of the Cecil Spiro depositional episode and the 
shale overlying the sand-rich Sells, which is considered the base of the Middle Atoka, 
indicate very widespread flooding surfaces that cover more than the entire study area. 
Northern onlap of the Orr and Patterson intervals of the Lower Atoka and their northward 
transition to a subaerial bypass and erosion surface at the base Trace Creek Shale as shown 
on cross-sections 32 and 38. The regional flooding surface that marks the base Trace Creek 
is interpreted as a “forced transgression” reflecting early tectonic stresses and subtle tilting 
that predate the transition from stable passive margin to convergent foreland basin 
(Woolsey, 2007; McGilvery, Manger, and Zachry, 2016).  
The shale above the Sells is known the be the flooding interval caused by tectonic 
influences as the Northern Arkansas Structural Platform goes from a passive margin to a 
foreland basin with rapidly increasing accommodation space and sediment supply during  
the Middle Atoka. This flooding event, like that at the base Trace Creek, is interpreted as a 
forced transgression. Precursors to this tectonic event can start to be seen in the later 
packages of the study (Paul Barton & Sells).   
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Patterson 
 The Patterson interval was not formally included in this project but it had a 
significant influence on the overlying Cecil Spiro. The deposition of the Patterson shown in 
Woolsey’s (2007) thesis is a more east-northeast to west-southwest sediment dispersal 
pattern. This is reflected on the thickness pattern on the Patterson gross interval isopach 
(Figure 40). All of the sequences in the present thesis show a more north to south 
thickening trend. Woolsey contributes the pattern to increased sediment supply to the 
northeast, and a starvation of sediments on the shelf, slope, and basin due to increased 
accommodation and landward migration of the shoreline (Woolsey, 2007). The thin 
intervals of the Patterson in the west also allow more accommodation space for the Cecil 
Spiro.  
 
Cecil Spiro 
  The Cecil Spiro was deposited under the influence of tectonics plus topography of 
the underlying formations that ultimately affects the other 4 sequences in the study 
interval to some degree. The hinge line where the package thickens greatly is arch shaped 
with a southwest to northeast trend from the Stateline in T11N to R32W up to its apex in 
TT13N, R28W. It then trends northwest to southeast to the edge of the study area in T11N, 
R24W. The northwest-southeast trend along the eastern side of the study area suggests a 
shoreline of that strike and a northeast to southwest sediment dispersal direction 
consistent with the paleo shoreline of the underlying Patterson. The depocenter for the 
Cecil Spiro is offset to the west from the Patterson reflecting compensation bedding 
associated with underlying depositional topography. Therefore, the Cecil Spiro interval 
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reflects the initial forced transgression and flooding followed by substantial progradation 
likely related to elevated sediment supply. This early, “pre-Arkoma Basin” convergence 
may have triggered uplift in the source terrain to the east that provided that increase in 
sediment supply.  
There are two relatively thick packages within the Cecil Spiro. The first and largest 
is in the southwestern portion of the map. The other is smaller to the east and runs up 26W 
(Figure 15). Both are interpreted as deltaic packages given their relatively lobate shape and 
upward thickening log motif (Figures 16, 17 and 29).  
 
Paul Barton and Dunn C 
 The upper four depositional episodes are greatly impacted by the deposition of the 
underlying Cecil Spiro. The Cecil Spiro was unable to sufficiently fill all the accommodation 
space created after the tectonic event and the topography of the preceding Patterson. This 
potentially left a steeper shoreface and more accommodation space for the Paul Barton to 
the south and a bypass surface to the north where the Paul Barton was not deposited 
beyond its onlap in township 12. This relationship is illustrated by all north-south cross-
sections and the Paul Barton interval isopach (Figures 18, 32, 34, & 36).  
 The hinge line of the Paul Barton is much straighter, trends more east-west, and is 
shifted to the south of the Cecil Spiro hinge line; running across township 9N (Figure 18). 
This is an indication of the extra accommodation space beginning to fill up, and returning 
to a more stable, flat, and gently sloping platform allowing the Dunn C to complete the 
filling of the extra space. Note the basinward shift of the Dunn C to the south of the Paul 
Barton interval thick when comparing their isopach maps (Figures 18 and 21).  
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 The Dunn C is the other interval that laps out before reaching the northern limit of 
the study area. The interval onlaps at the very northern end of township 13Nas seen in 
Cross-sections C and E (Figures 32 & 36). This once again appears to be a result of a steeper 
slope caused by possible subsidence, the previous down warping from tectonic activity, 
and more accommodation space.  
 
Onlapping 
 Onlapping to the north separates the Paul Barton and Dunn C from the Cecil Spiro 
below and the Ralph Barton above. It can be seen in all of the north to south running cross-
sections (Figures 32, 34, and 36), and both of their isopachs (Figures 18 and 21). Onlap can 
also be seen in the underlying Patterson and Orr throughout the same cross-sections and in 
the new version of the Mountainburg Core Cross-section (Figure 38). Onlapping is a 
function of multiple factors; sediment supply, previous sedimentation plus future 
compensation bedding, accommodation space, subsidence, and sea level changes. Is it 
possible that in additional to basinward tilt to the south that there could be a subtle 
peripheral bulge to the north? In both cases vertical relief could have been relatively small, 
on the order of 10’s of feet to 100ft that might result in the observed thicknesses.   
 
Ralph Barton and Sells 
  The platform had recovered from the tectonic episode that occurred during the 
deposition of the Trace Creek/Cecil Spiro. In addition, most subsidence had concluded, and 
the deposition of the Paul Barton and Dunn C finished healing the topography created by 
the tectonics by the time of deposition of both the Ralph Barton and Sells. This set up an 
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area of stability allowing the Ralph Barton and Sells to deposit across the whole area, 
before the next tectonic event and forced transgression at the end of the Sells. 
 The hinge lines defined by the Ralph Barton and Sells interval isopachs (Figures 25 
and 25) document a landward shift in accommodation space to the north. This suggests 
subtle tilting as a precursor to the next significant tectonic event that divides the lower 
Atoka from the middle Atoka at the Top Sells flooding surface. This can be seen by general 
expansion of thickening to the south and “localized” thickening in the southeast quarter of 
both the Ralph Barton and Sells isopachs (Figure 24 & 25). This is seen most clearly on the 
Sells interval isopach and could possibly be early down-warping of the southeastern shelf 
margin related to north to northwest directed convergence during the middle Atoka. There 
may be no coincidence that the total Lower Atoka gross interval isopach (Figure 14) and 
the gross interval isopach of this study interval (Figure 13) both exhibit a significant 
thickness increase in the southeast.  
 
Summary 
The Atoka Formation was deposited in more or less east-west oriented 
shoreface/deltaic environments that prograded to the south across a stable passive margin 
until the Middle Atokan (After deposition of the Sells) (McGilvery, Manger, and Zachry, 
2016). Characteristics of the Lower Atoka in the current study show that this is mostly true. 
The hypothesis that the depositional episodes can be correlated across a wide area is also 
mostly true. 
 Tectonic influences meant that it was not a 100% stable platform during the Lower 
Atoka deposition. This affected the deposition of all the sequences in the study interval. 
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Topographic relief on preceding intervals also helped create areas of accommodation space 
filled by offset, compensation bedding. Finally, Xie and Heller (2006) argue that subsidence 
on a passive margin can be almost 4 km.  This helps explain the “long distance” shoreline 
shifts and cyclicity in the current time of deposition. This means that these 4th to 5th order 
cycles (10’s to 100’s k.y.) may reflect glacio eustacy and sediment supply and can be 
correlated across the entire area or a very large area. In addition, there appears to be a 
tectonic over print that influences lapout edges that define northern limits and areas of 
bypass and nondeposition, particularly during the Paul Barton and Dunn C (as well as the 
underlying Patterson and Orr). Tectonic influences may have also played a role in the 
northward shifts in position of select hinge lines; in the Ralph Barton and Sells in 
particular. 
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Conclusions 
 Precursor tectonic influences to the major subsidence in the Middle Atoka seem to 
be present in the Lower Atoka. 
 The tectonic influences have multiple effects on the depositional environment in the 
Lower Atoka. 
 The Patterson influences the depositional patterns of the overlying cycles in the 
study interval as well. 
 The Cecil Spiro's deposition along with the Trace Creek set up the environment and 
patterns of the rest of the Lower Atoka. 
 Depositional episodes can be correlated throughout the area on a 4th or 5th order 
pattern of cyclicity, but it is hard to determine exactly what dictates the order of 
cyclicity and higher frequency shoreline “beats” or shifts that could be missed. 
 Eustatic sea level changes are not the only factor in shoreline migration that control 
the position and thickness of these depositional episodes. It was certainly a factor 
given that this is the time of glacial-interglacial periodicity and the deposition of 
“Pennsylvanian Cyclothems” worldwide. 
 Onlap is a function of multiple factors; sediment supply, previous sedimentation 
plus future compensation bedding, accommodation space, subsidence, and sea level 
changes. (Figure 41).  
 Hinge lines (Expansion) map (Figure 41). 
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Future Work 
 Expand this work in the Lower Atoka farther to the east and south as well 
distribution and/or outcrops allow. 
 Continue this work into the overlying lower Middle Atoka to compare those 
“syntectonic cyles” to the “pre-tectonic cycles” of the Lower Atoka. 
 Revisit tie between the I-49 West Fork outcrop in the far north around the end of 
Cross-section C. There may be additional stratigraphy, Paul Barton equivalents on 
the down thrown side of the fault adjacent to the measured outcrop. 
 Map sand and shale divisions for the Ralph Barton and Sells. 
 Map the McGuire where it exists as the top of the Lower Atoka. (If it is present in 
this thesis it was included in the Sells)  
 Map smaller, higher frequency cycles throughout these 4th or 5th order cycles. 
 Include production data and link this to sand thickness and possible higher 
resolution depositional facies interpretations based on log motif within individual 
named sequences 
 Find the southern limits of the cycles where the shelf/slope break occurs, and 
sediments are starved off the shelf. 
 Continue this Petra™ project as a running regional Petra™ project for the Atoka.  
 Create a regional structure project to include faults into the running Petra™ project. 
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Figure 13: Study Interval Isopach 
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Figure 14: Lower Atoka Isopach 
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Figure 15: Cecil Spiro Gross Isopach 
Hinge line 
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Figure 16: Trace Creek Shale Isopach 
Hinge line 
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Figure 17: Cecil Spiro Sand Isopach 
Hinge line 
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Figure 18: Paul Barton Gross Isopach 
Hinge line 
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Figure 19: Paul Barton Basal Shale Isopach 
Hinge line 
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Figure 20: Paul Barton Sand Isopach 
Hinge line 
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Figure 21: Dunn C Gross Isopach 
Hinge line 
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Figure 22: Dunn C Basal Shale Isopach 
Hinge line 
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Figure 23: Dunn C Sand Isopach 
Hinge line 
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Figure 24: Ralph Barton Gross Isopach 
Hinge line 
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Figure 25: Sells Gross Isopach 
Hinge line 
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Figure 26: Extra Sand between Cecil Spiro and Paul Barton, showing that cycles that could be on the same order or slightly smaller can be correlated in the area. 
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Figure 27: Cross-section A 
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Figure 28: Cross-section A with sand/shale divisions. 
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Figure 29: Cross-section B 
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Figure 30: Cross-section B with sand/shale divisions. 
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Figure 31: Cross-section B with extra sand within Paul Barton. 
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Figure 32: Cross-section C 
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Figure 33: Cross-section C with sand/shale divisions. 
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Figure 34: Cross-section D 
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Figure 35: Cross-section D with sand/shale divisions. 
70 
 
 
  
Figure 36: Cross-section E 
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Figure 37: Cross-section E with sand/shale divisions. 
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Figure 38: New version of the cross-section that uses the Mountainburg Core in Northwest, Arkansas. Old version displays Trace Creek Shale splitting into two packages. The old version has 
been used in theses, publications, and field books. 
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Figure 39: Shows the thought experiment done to look at maximum shoreline shift during the lower Atoka timeframe. 
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Figure 40: Patterson Isopach from Woolsey (2007). 
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Figure 41: A final base map with the onlap surfaces shown, as well as each intervals hinge line changing through time.  
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Appendix  
 Appendix Figure 1: Ramsey (1983) Table 2  
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Appendix Figure 2: Ramsey (1983) Figure 12  
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Appendix Figure 3: Ramsey (1983) Figure 12 remastered 
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Appendix Figure 4: Ramsey (1983) St. Paul measured section  
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Appendix Figure 5: Ramsey (1983) Combs measured section  
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Appendix Figure 6: Ramsey (1983) Bear Wallow Hollow measured section  
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Appendix Figure 7 & 8: Woolsey (2007) Figures 32 and 33, East to West cross-sections A to A’ & B to B’. 
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Appendix Figure 9 & 10: Woolsey (2007) Figures 34 and 35, North to South cross-sections C to C’ & D to D’. 
 
